We recently identified a pilin-like competence factor, ComP, which is essential for natural transformation of the gram-negative soil bacterium Acinetobacter sp. strain BD413. Here we demonstrate that transcription and synthesis of the pilin-like competence factor ComP are maximal in the late stationary growth phase, whereas competence is induced immediately after inoculation of a stationary-phase culture into fresh medium. Western blot analyses revealed three forms of ComP, one with an apparent molecular mass of 15 kDa, which correlates with the molecular mass deduced from the DNA sequence, one 20-kDa form, which was found to be glycosylated, and one 23-kDa form. The glycosylation of ComP was not required for its function in DNA binding and uptake. The 20-kDa form was present in the cytoplasmic membrane, the periplasm, and the outer membrane, whereas the 23-kDa form was located in the outer membrane and might be due to a further modification. Immunological data suggest that ComP is not a subunit of the pilus structures. Possible functions of ComP in the DNA transformation machinery of Acinetobacter sp. strain BD413 are discussed.
Bacterial genetic competence, a physiological state allowing binding, processing, and internalizing of exogenous DNA, is widespread in nature. Despite the broad distribution of genetic competence among different taxonomic and trophic groups, knowledge about the DNA uptake machinery is restricted to some model organisms such as the gram-positive bacteria Bacillus subtilis and Streptococcus pneumoniae and gram-negative pathogenic bacteria, such as Neisseria gonorrhoeae and Haemophilus influenzae (22) . Whereas extensive work on the DNA transformation machineries of gram-positive model organisms and gram-negative pathogenic bacteria has given many new insights into the molecular basics, information about the DNA transformation machineries of gram-negative soil bacteria is very scarce.
To obtain insights into the molecular basis of natural transformation machinery and the mechanism of DNA uptake in gram-negative soil bacteria, we studied the nutritionally versatile organism Acinetobacter sp. strain BD413. This strain, formerly designated Acinetobacter calcoaceticus BD413, is known for its high frequency of natural transformation (15) . To identify components involved in the natural transformation of strain BD413, we generated transformation-deficient mutants. The analysis of these mutant strains has contributed a great deal to our understanding of the process of DNA transformation in Acinetobacter sp. strain BD413 at the molecular level. Our studies led to the identification of five novel competence factors, ComB, ComE, ComF, ComP, and ComC; the last two have been shown to be essential for binding and uptake of DNA in Acinetobacter sp. strain ADP239, a pobA (p-hydroxybenzoate hydroxylase) mutant strain of BD413 (3, 11, 21, 33) . The deduced amino acid sequences of ComB, ComE, ComF, and ComP are similar to those of prepilins of type IV pili and to pilin-like components of protein translocation machineries, whereas ComC is similar to various type IV pilus biogenesis factors.
The capability for natural transformation is encoded by numerous genes. Genetic and biochemical studies indicate that homologues of type IV pilus subunits are involved in natural transformation in a variety of bacteria (4, 5, 7, 39) . However, it is still an open question whether the type IV pili or a putative pilus-like structure is implicated in DNA uptake (7, 44) . The deduced protein sequence of the Acinetobacter sp. strain BD413 competence gene comP is similar to those of prepilins from various microorganisms. A deletion of comP completely abolished natural transformation but had no effect on piliation, as revealed by electron microscopy (33) . The results from electron microscopic studies including immunogold labeling studies together with Western blot analysis presented in this report strongly suggest that ComP is associated with neither the thin nor the thick pili of Acinetobacter sp. strain BD413. We provide evidence that ComP undergoes glycosylation and is located in the cytoplasmic and outer membranes. For a better understanding of the role of ComP in natural transformation, we have also studied the regulation of comP expression and ComP synthesis in the course of growth phase-dependent competence development.
MATERIALS AND METHODS
Bacterial strains, plasmids, and growth conditions. The bacterial strains and plasmids are listed in Table 1 . Acinetobacter wild-type and mutant strains were grown in mineral medium (29) . Growth conditions used were as described previously (33) . DNA manipulations were done in Escherichia coli DH5␣ cultured in Luria-Bertani medium (36) . Antibiotics were added when appropriate (kanamycin and tetracycline at 20 g/ml for both E. coli and Acinetobacter strains and ampicillin at 100 g/ml).
Cloning and DNA techniques. Standard recombinant DNA techniques were performed as described by Sambrook et al. (36) . Restriction enzymes (Pharmacia Biotech Europe GmbH, Freiburg, Germany) and T4 DNA ligase (Boehringer GmbH, Mannheim, Germany) were used as recommended by the manufacturers. Competent cells of E. coli were prepared and transformed (14) . Conjugation, transformation, and complementation procedures were performed as described previously (33) . PCR products were sequenced using the dideoxy chain termination method (37) .
Construction and purification of MalE-ComP fusion proteins and production of anti-ComP antibodies. For the construction of a MalE-ComP fusion protein, comP was amplified using the primers 5Ј-CAACATTGGTCTAGAAATTTTA TG-3Ј and 5Ј-TCTTTTAAAGCTTTATAGTAC-3Ј containing XbaI and HindIII restriction sites (underlined), respectively. For the generation of a polyclonal antiserum directed against ComP with the N terminus deleted (designated ComP*), comP with the 5Ј end deleted (encoding amino acid residues 39 to 141 of mature ComP) was amplified by primers 5Ј-TCTGAAGAATTCACAGCAG CATCA-3Ј and 5Ј-TCTTTTAAAGCTTTATAGTAC-3Ј containing EcoRI and HindIII restriction sites (underlined), respectively. Plasmid pRP1 (Table 1) was used as the template. The PCR was performed with 0.5 g of template DNA, Vent polymerase, and an annealing temperature of 37°C. The PCR products were cloned in pMALc-2 (New England Biolabs GmbH, Schwalbach, Germany) with XbaI and HindIII or EcoRI and HindIII, respectively. The resulting pMALc-2 recombinant plasmids were designated pMP1 and pMP2, respectively. Correct amplification was verified by DNA sequencing. Expression of the malEcomP fusions in E. coli was induced at an optical density at 600 nm (OD 600 ) of 0.6 by addition of IPTG (isopropyl-␤-D-thiogalactopyranoside) to a final concentration of 0.1 mM. The MalE-ComP and MalE-ComP* fusion proteins were purified from E. coli DH5␣ grown at 37°C in MI (maximal induction) medium (28) by affinity chromatography on an amylose column (New England Biolabs GmbH) according to the manufacturer's instructions. The MalE-ComP* fusion protein was used directly to immunize rabbits because there is no MalE in Acinetobacter sp. strain BD413. For the production of anti-MalE-ComP* antibodies 410 g of purified MalE-ComP* was used to immunize a rabbit (BioScience, Göttingen, Germany).
SDS-PAGE and immunoblotting. Samples were boiled for 5 to 10 min in a water bath prior to analysis by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) on a 14% polyacrylamide gel as described previously (19) . The separated proteins were electrotransferred onto a nitrocellulose membrane (41), which was blocked by incubation for 1 h at room temperature in TBST buffer (0.1 M Tris-HCl, 2.5 M NaCl, 0.05% Tween 20, pH 7.5) containing 3% bovine serum albumin. Subsequently, the membrane was incubated for 1 h with anti-MalE-ComP* antibodies (1:5,000). Antigen detection was carried out using alkaline phosphatase-coupled goat anti-rabbit immunoglobulin G and an alkaline phosphatase color assay (ProtoBlot Western blot AP system; Promega/ Sera, Heidelberg, Germany) as recommended by the manufacturer. Silver staining was performed as described previously (2) .
Cellular fractionation. The cells were grown overnight in mineral medium. After removal of extracellular proteins, the cells were fractionated into cytoplasmic membrane, periplasm, and outer membrane. Both membrane fractions were separated as described by Hancock and Nikaido (9) , and the periplasmic contents were released as described by Hoshino and Kageyama (13) . The fractionation of different bacterial compartments was followed by analysis of the different protein patterns of the distinct cell fractions. Furthermore NADH dehydrogenase activity was used as a cytoplasmic protein marker. The NADH dehydrogenase activity in membrane fractions was assayed by monitoring the decrease in extinction at 340 nm due to NADH oxidation. The assays were performed in Tris-HCl buffer (20 mM, pH 7.5) with 25 g of protein in the presence of 0.1 mM menadione as the terminal electron acceptor. The reaction was started by the addition of 0.2 mM NADH. The shear fraction was prepared as described previously (1).
Separation of thin and thick pili by sucrose density gradient. A 4-liter culture of Acinetobacter sp. strain BD413 was grown overnight in mineral medium and harvested by centrifugation at 5,000 ϫ g. The cells were resuspended in 20 ml of buffer (30 mM Tris-HCL, 0.9% NaCl, pH 7.5). To shear the pili, the cells were vortexed for 3 min at 4°C. The cells were separated from the shear fraction by centrifugation twice for 5 min each at 6,000 ϫ g. After dialysis of the supernatant against high-salt buffer (30 mM Tris-HCl, 0.9% NaCl, 0.1 M MgCl 2 , pH 7.5) the shear fraction was pelleted by centrifugation for 1 h at 180,000 ϫ g. The pellet was resuspended in 0.3 ml of high-salt buffer and loaded on top of a sucrose gradient (20 to 70%) in high-salt buffer. After centrifugation for 20 h at 96,000 ϫ g, the gradient was separated into 1.3-ml fractions. The pellet was resuspended in 0.1 ml of buffer (30 mM Tris-HCl, 0.1 M NaCl, pH 7.5).
Deglycosylation and glycosylation assay. Proteins were deglycosylated by treatment with trifluoromethanesulfonic acid (6) . Freeze-dried cell lysate of Acinetobacter sp. strain BD413 (1.5 mg) was dissolved in 150 l of 5% SDS and freeze-dried again. Under ice-cold conditions the samples were incubated for 3 h in 500 l of anisole-trifluoromethanesulfonic acid (1:2). The proteins were precipitated with 5 ml of 1 M sodium carbonate buffer (pH 9.2) and 22 ml of ethanol (96%). The pellets were washed in H 2 O and redissolved in 200 l of H 2 O or Tris-buffered saline.
For labeling and detection of glycoproteins a DIG glycan detection kit (Boehringer GmbH) was used. Therefore, proteins of the cytoplasmic membrane fractions were separated by SDS-PAGE and electrotransferred onto a nitrocellulose membrane. Digoxigenin labeling and detection were performed as recommended by the manufacturer. Specificity of labeling was determined using the glycoprotein transferrin and the nonglycoprotein creatinase as controls.
Construction of comP::lacZ transcriptional fusion and assay of ␤-galactosidase activity. For construction of a comP::lacZ transcriptional fusion, the 4.7-kb BamHI fragment of pKOK 6.1 containing a promoter-free lacZ gene was digested with BamHI and blunt ended using Klenow enzyme. pRT1 was digested with XbaI and KpnI and also blunt ended. The BamHI fragment was then cloned into pRT1 giving rise to pRT1-4 (Table 1) , which was transformed into mutant T205. The ␤-galactosidase assays were performed as described previously (26), and the activities are expressed as Miller units, which are proportional to the increase in the absorbancy of free o-nitrophenol per minute and cell density.
Electron microscopy and immunogold labeling. Negative staining and electron microscopy were performed as described previously (33) . For immunogold labeling the cells and the sheared pili were attached to Formvar-coated nickel grids and incubated for 1 h with anti-MalE-ComP* antibodies. After being washed three times with PBST buffer (phosphate-buffered saline [PBS] buffer containing 0.05% Tween 20) and with 1ϫ PBS buffer (50 mM K-PO 4 , 0.9% NaCl, 0.075% KCl, pH 7.2) the grids were incubated for 30 min with protein A-gold (6 nm; DAKO Diagnostika, Hamburg, Germany). After being washed with PBST and PBS buffer, the cells and the pili were subjected to negative staining.
RESULTS
Growth phase-dependent transcription of comP in Acinetobacter sp. strain BD413 and competence development. Acin- etobacter sp. strain BD413 develops competence for natural transformation immediately after dilution of a stationary culture into fresh medium. During prolonged exponential growth competence is gradually lost until minimum transformation frequencies are detected in stationary phase (30) . Our batch culture studies of competence induction confirmed these findings: competence was induced after dilution of a stationary culture into fresh medium and gradually decreased during exponential growth (Fig. 1) . In order to gain insights into the regulation of comP expression, we constructed an in-frame comP::lacZ fusion. A 1.7-kb fragment containing the putative 54 promoter, the start site for comP translation, and the first 210 bp of comP was fused to lacZ and integrated in the broadhost-range plasmid pRK415 giving plasmid pRT1-4 (Table 1) , which was introduced into Acinetobacter sp. strain BD413. The expression of comP decreased gradually immediately after dilution into fresh medium, and minimal comP expression levels were detected in the middle of the logarithmic growth phase, but levels increased thereafter (Fig. 1) . Maximal comP expression was found in the late stationary growth phase. Control experiments with pRK415 carrying a promoter-free lacZ gene in the opposite orientation to the lac promoter resulted in ␤-galactosidase activities ranging between 5 and 20 Miller units. Taken together these results clearly show that the transcription of comP is growth phase dependent but does not correlate with competence development. The transcription of comP does not appear to be autoregulated, since the comP null mutation in mutant T205 has no detectable effect on the expression of the comP::lacZ fusion (data not shown).
Heterologous expression and detection of ComP. Expression of ComP in E. coli from plasmids pMP1 and pMP2 resulted in malE::comP fusion products of 58 and 53 kDa, respectively. Factor Xa treatment of the preparations revealed proteins of 15 and 10 kDa, which match exactly with the deduced masses of ComP and ComP*, respectively. When cell lysates of the BD413 wild-type strain were probed with the anti-MalEComP* antibodies, a single protein was detected (Fig. 2, lane  1) . The apparent molecular mass of 20 kDa of this protein differs considerably from the deduced molecular mass of ComP of 15 kDa. However, since no reaction of the antiserum was observed with cell lysates prepared from the comP mutants T205 (Fig. 2, lane 2) and T206 (Fig. 2, lane 5) , it is evident that the protein with a molecular mass of 20 kDa is ComP, probably in a posttranslationally modified form.
Mutant T205 carries a nondefined big deletion including comP. Complementation of this mutant with pCP1 (which harbors comP only) or pRT14 (which harbors 13.5 kb of DNA in addition to comP) revealed restored transformation phenotypes (33). To our surprise, not the modified 20-kDa ComP protein but rather a protein of 15 kDa, corresponding to the apparent molecular mass of the deduced ComP protein, was detected in the Western blots (Fig. 2, lanes 3 and 4) . Since the deletion in mutant T205 is undefined, we repeated the experiment using the defined comP mutant T206. When this mutant was complemented with pCP1, both forms of ComP, the 15-and 20-kDa forms, were observed (Fig. 2, lane 6) . The finding that the modification of ComP was abolished in mutant T205 suggests that the undefined deletion in mutant T205 includes the ComP modifying system. The defined comP mutant T206 still harbors the ComP modifying system, but, due to the gene dosage effect, modification might be incomplete. Recent studies have demonstrated that pilus proteins of gram-negative pathogenic bacteria are posttranslationally modified (38) . One of the two reported modifications is glycosylation (27, 42) . Further studies clearly showed that the 20-kDa ComP undergoes glycosylation (data not shown).
Growth phase-dependent synthesis of ComP. To monitor the time course of ComP synthesis, Acinetobacter sp. strain BD413 was grown in mineral medium with succinate as the carbon source. Samples were taken at time points indicated in Fig. 3 and subjected to Western blot analysis. The glycosylated 20-kDa ComP was present in the smallest amounts in the middle of the exponential growth phase (Fig. 3A, lane 3) . Prolonged growth resulted in an increase in the 20-kDa form, with the largest amounts being detected in stationary phase (Fig. 3A, lanes 1 and 5) . Taken together, the growth phasedependent production of the 20-kDa ComP form correlates with the growth phase-dependent transcription of comP. The unmodified 15-kDa form was not detected under these conditions, which was attributed to concentrations of this form below the detection limit. To achieve detection of the 15-kDa form, we increased the protein concentration and repeated the Western blot analyses (Fig. 3B) . These studies resulted in the detection of the unmodified 15-kDa ComP form, which was present in the largest amounts in stationary growth phase (Fig.  3B) . Interestingly, a 23-kDa protein also reacted with the antibody. Since the protein was never found in comP mutants, the 23-kDa form probably represents another modification of FIG. 1. Growth phase-dependent expression of comP in Acinetobacter sp. strain BD413. comP induction was monitored using a comP::lacZ reporter fusion located on the low-copy-number plasmid pRK415. The ␤-galactosidase activity was monitored as described by Miller (26) . Transformation frequencies were determined as described previously (33) with saturating amounts of DNA containing the marker gene pobA. OD (ᮀ), comP expression ({), and transformation frequencies (E) in the preculture were determined just before inoculation (time point Ϫ1), immediately after inoculation (time point 0), and during growth at the time points indicated. ComP. The level of this protein did not vary significantly during growth, which might be due to an increased stability. Cellular localization of ComP. In order to determine the cellular localization of ComP, an overnight culture of Acinetobacter sp. strain BD413 was harvested and separated into cytoplasmic membrane, periplasm, outer membrane, and shear fractions. Equivalent amounts of these cell fractions were subjected to SDS-PAGE. After transfer onto nitrocellulose membranes the cell fractions were probed with anti-MalE-ComP* antibodies. The 20-kDa glycosylated form of ComP was detected in every cell compartment, although at different concentrations (Fig. 4) . The largest amounts were present in the cytoplasmic membrane and the outer membrane. Minor amounts of the unmodified 15-kDa form were detectable in the cytoplasmic membrane (Fig. 4, lane 1) . The 23-kDa form was mainly present in the outer membrane (Fig. 4, lane 3) . Taken together these experiments show that ComP is exported and indicate that the final modification of ComP to the 23-kDa form takes place in the outer membrane. In the cytoplasmic membrane some minor polypeptides with molecular masses between 15 and 23 kDa reacted with anti-MalE-ComP* antibodies. These proteins were never observed in the comP mutants. Probably they represent ComP but at different stages of modification or processing.
To investigate whether the recently identified Acinetobacter sp. strain BD413 competence factors ComE, ComF, and ComC influence the cellular location of ComP, its cellular location in comE, comF, and comC mutants was determined. Mutant cells showed the same cellular distribution of ComP as wild-type cells, indicating that ComE, ComF, and ComC are not involved in export, cellular targeting, or glycosylation of ComP (data not shown).
Immunocytochemical and Western blot analyses of Acinetobacter sp. strain BD413 pilus structures. Recently, we have shown that Acinetobacter sp. strain BD413 possesses two types of pili, bundle-forming thin pili and single thick pili (21) . To determine whether ComP is part of the pilus structures, immunogold labeling of cells carrying thin and thick pilus structures was performed with polyclonal antiserum raised against purified MalE-ComP*. We did not observe binding of goldlabeled antibodies to either the BD413 cells or to the pilus structures at the cell surface (data not shown). We repeated the immunogold labeling studies with sheared pili of Acinetobacter sp. strain BD413 but never observed binding of the immunogold-labeled antibodies to the pilus structures (Fig. 5) . These results suggest that ComP is not part of the pili seen on electron micrographs of Acinetobacter sp. strain BD413.
To exclude the possibility that ComP is part of the pilus structures but cannot be detected by immunogold labeling due to inaccessibility in the native pilus structures, we separated the shear fractions by centrifugation in a sucrose density gradient. The gradient was fractionated and analyzed for pili by electron microscopy. The thick pili were enriched in fraction 3 (Fig.  6B) , whereas the pellet contained highly aggregated thin pili (Fig. 6A) . In all other fractions only very few single pili were found. Analysis of the protein pattern of the pilus fractions revealed a distinct 16-kDa protein in the pellet (Fig. 7B, lane  1) and a 28-kDa protein in fraction 3 (Fig. 7B, lane 3) . From these findings we conclude that the 16-kDa protein is the major subunit of the thin pili, whereas the 28-kDa protein is the major subunit of the thick pili.
Of special interest was the question of whether the piluscontaining fractions reacted with the anti-MalE-ComP* antibodies. As evident from Fig. 7C (lane 1) , the proteins in the pellet did not react with anti-MalE-ComP* antibodies. Western blot analysis of all fractions of the sucrose density gradient revealed major amounts of ComP in fraction 2. This fraction was found in electron micrographs to contain nearly no pilus structures. In fraction 3 only small amounts of ComP were detected (Fig. 7C, lane 3) . Taken together these findings strongly suggest that ComP is not a subunit of the thin and thick pilus structures of Acinetobacter sp. strain BD413.
DISCUSSION
In this study we show that the expression of comP is not correlated with competence induction; comP expression increased during prolonged exponential growth and in stationary phase, whereas the transformation frequencies did not increase. These findings strongly suggest that components of the DNA uptake apparatus are already synthesized in the stationary growth phase, prior to maximal competence induction after dilution into fresh medium. If so, this would suggest that competence induction is not due to induction of protein expression. This view is supported by the finding that during incubation of BD413 cells with DNA the formation of transformants is not inhibited by the addition of chloramphenicol, indicating that no new proteins of the DNA transformation machinery are synthesized during DNA uptake (31) .
Competence induction in Acinetobacter sp. strain BD413 is strictly regulated, depending on growth phase (30) . Results of detailed physiological studies of competence regulation gave rise to the assumption that regulation involves promoters which react to nutrient upshifts or which seem to be affected by the free-energy load of the cell (30) . It was suggested that promoters involved in competence might have similarities to the E. coli fis promoter (30) . The results from our transcriptional studies do not support the hypothesis of the involvement of a fis-like promoter in competence development. Our data rather suggest that the comP promoter responds to nutrient limitations.
Apparently, activation of the DNA uptake apparatus after inoculation into fresh medium is very fast; it does not involve protein synthesis (31) . Since DNA uptake is an energy-dependent process (32) , the low competence observed in the stationary phase could be due to the low energy charge of the cells. Starvation-induced promoters have been subjected to intensive investigations (for a review of stationary-phase promoters see reference 18). Examples are the glucose and amino acid transport systems in several marine Vibrio spp. Analogous to what is found for these transport systems, the different components of the DNA uptake machinery could be synthesized long before their activity is needed, resulting in cells primed for DNA uptake. Inoculation into fresh medium would then provide new energy and a carbon source, the prerequisites for the observed drastic increase in transformation frequencies. The nonglycosylated ComP was found to completely restore the transformation phenotype when provided in trans in T205 (pCP1) (33) . This shows that glycosylation of ComP is not required for its essential function within the DNA binding and uptake process. The occurrence of a 23-kDa form of ComP specifically in the outer membrane might be attributed to a further modification. This has been shown for the meningococcal pilin; it contains an ␣-glycerophosphate substituent attached to Ser 93 by a phosphodiester linkage (42) . It has been suggested that glycerol residues might serve as a substrate for fatty acylation, thereby being involved in membrane anchoring of the pilin (42) . Since ComP is similar to the meningococcal pilin and also contains several central serine residues (33) , it is tempting to speculate that ComP might also contain an ␣-glycerophosphate substituent.
The similarities between several proteins involved in DNA uptake, protein secretion, or type IV pilus systems indicate that they might belong to evolutionarily related systems comprising cell envelope-spanning structures with a general architecture and general components (12, 34) . It is known that PilA, the type IV pilus subunit in Pseudomonas aeruginosa, not only constitutes the main structural pilus protein but is also involved in protein secretion (24) . Hence one might anticipate that the respective components from Acinetobacter sp. strain BD413 might also have dual functions. Due to the conserved peptidase cleavage site in ComP it is highly likely that a single peptidase might process both the pilin-like competence factor ComP and the subunits of the BD413 pilus structures, as described for peptidase PilD in P. aeruginosa, which is involved in processing PilA and pilin-like proteins (23) . Since pilus mutants of strain BD413 have not been isolated up to now, studies addressing the question of whether components of the Acinetobacter sp. strain BD413 pili or the pilus structures are involved in DNA transformation have not been possible. Components with dual function in DNA uptake and pilus biogenesis in Acinetobacter sp. strain BD413 have not been identified. FIG. 6 . Electron microscopy of pili separated in a sucrose density gradient. Pili were sheared off and separated as described in Materials and Methods. Each fraction was analyzed by electron microscopy. The pellet and fraction 3 of the sucrose density gradient were found to contain enriched intact thin or thick pili. All other fractions were found to contain nearly no pilus structures. (A) Enriched thin pili (inset shows distinct bundles of thin pili). (B) Enriched thick pili in fraction 3. (Inset) View of the end of a thick pilus structure, located perpendicular to the support film (arrowhead); small arrow, penetration of the negative stain into the pilus structure, suggesting an axial pilus region of lower protein density. Bars, 50 nm, 0.2 m, and 0.1 m, as indicated.
The question of whether the type IV pilus structures themselves are involved in DNA transformation has not yet been answered unequivocally. The DNA transformation systems of B. subtilis and H. influenzae, microorganisms which have never been found to exhibit type IV pilus structures, contain components similar to proteins implicated in type IV pilus biogenesis in other organisms (5, 20, 40) . In N. gonorrhoeae, which exhibits a type IV piliation phenotype, the structural subunits of type IV pili (PilE) and the type IV pilus factor PilC are essential for DNA transformation (7, 35) . Furthermore it was demonstrated that gonococcal PilT mutants exhibit simultaneous defects in competence for natural transformation and twitching motility (43) . Nevertheless, these mutants exhibit structurally and morphologically intact pili (43) . Recently a pilin-like gonococcal competence factor, ComP, has been identified and has been found to be dispensable for pilus biogenesis in N. gonorrhoeae (44) . Very recently Legionella pneumophila mutants defective in DNA transformation were generated, and the molecular analysis of one mutant mapped the mutation within pilE L , the gene encoding the structural subunit of type IV pili (39) . Taken together these results suggest that type IV pili and DNA transformation machineries are somehow linked; further studies are needed.
Our finding that transformation-affected Acinetobacter mutants carrying mutations within one or more of the pilin-like competence genes comB, comE, comF, and comP exhibit morphologically and functionally intact pili (3, 11, 33) led to the proposal that the pilus structure itself is not involved in DNA transformation. The results presented here strongly suggest that ComP is at least not a major subunit of the two fimbrial structures detected by electron microscopy. However, we cannot exclude the possibility that minor amounts of ComP, not detectable by Western blotting, are present in the thin and thick pili. Furthermore an association of ComP with the subsurface base of these pilus structures cannot be absolutely excluded. Nevertheless, our data are not in favor of the idea that the thin and thick pili are part of DNA binding or uptake machinery in Acinetobacter sp. strain BD413. Rather, ComP, which is preferentially located in the outer membrane, is part of a specific DNA binding and/or transporting structure. Attempts to isolate such a complex from Acinetobacter sp. strain BD413 have just begun.
